Introduction
The use of CCLs has become increasingly popular, especially in teenagers causing significant complications such as microbial keratitis, if they are not handled properly (Chan et al., 2014) . Microbial keratitis is defined as an inflammation of corneal tissue due to direct infection by microbial agents such as bacteria, fungi, protozoa, and viruses. It is the most dangerous complication occurs in response to contact lens wear which can potentially be devastating to the cornea (Prasannakumary & Jyothy, 2017) .
Microbial growth is characterized as a biofilm when the microorganisms attach to a surface and/or to each other. Biofilms are a population of multilayered cells growing on a surface and enclosed in exopolysaccharide matrix. Microbial biofilm formations are considered to be a twostep process in which the bacteria first adhere to a surface, followed by multiplication to form a multilayered biofilm. Biofilms offer increased antibiotic resistance to microorganisms as compared to the planktonic/free-living mode of growth. Microbial adhesion on contact lenses and lens storage cases may be a risk factor for contact lenses associated corneal infections (Kackar et al., 2017) .
The tear film is composed of mucin layer, proteins, and lipids (Ohashi et al., 2006 and Pucker et al., 2010) . During contact lenses wear; proteins and lipids can adhere to the surface of CLs as reviewed by Luensmann & Jones (2008) . Some novel approaches have been studied as potential strategies to prevent this adhesion such as quorum sensing inhibitors, antimicrobial C ONTACT lenses (CLs) are frequently used for medical or cosmetic purposes. Readily available cosmetic contact lenses (CCLs) sold at night market and lack of awareness, represent the main reasons for microbial keratitis (MK) and consequently losing sight. MK arises from bacterial contamination of lenses, lens casing and solutions. Improper handling and unhygienic use of the CLs allow pathogens to adhere and produce biofilm on its surface. This study aims to evaluate the adherence ability of pathogenic bacterial strains isolated from worn CCLs and the potentiality of zinc oxide nanoparticles (ZnO NPs) on their colonization in absence and presence of two types of deposited proteins. The results revealed that all the isolated strains had the ability to produce strong biofilm. ZnONPs highly affected the biofilm formation ability of the tested strains and significantly decreased their adherence on the tested proteins coated lenses. Using scanning field emission electron microscopy; extensive colonization covering CCLs surface of control and lysozyme coated lenses was observed. While micrographs illustrated that ZnONPs are effective in restraining bacterial colonization with deformed cells on the surface of lysozyme coated lenses. In addition, the data exhibited that 75% of the tested packaging solutions were highly contaminated with bacteria, so they were subjected to increasing doses of gamma-radiation. The results proved that 6.0kGy was sufficient to eliminate bacterial bio burden of the tested solutions. It may be hoped that the present study will encourage efforts towards the development of novel antibacterial agents against microbial infection of CCLs.
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peptides, enzymes and nanomaterials (NMs). Among the above methods, nanotechnology is a highly promising one. NMs possess antimicrobial and antibiofilm properties against various bacterial, fungal and other microorganism species; consequently, NMs could serve as a costeffective, easy-to-use alternative to inactivate microorganisms.
Microbes are more unlikely to develop resistance against NPs since they attack a broad range targets which requires the microorganism to develop defence mechanisms. ZnO in nanoscale has shown strong antimicrobial activities on a broad spectrum of microbes, and great potential for microbial control and restriction of biofilm formation (Liu et al., 2017) .
Gamma irradiation process utilizes highenergy photons that are emitted from an isotope source (Cobalt 60) producing ionization (electron disruptions) throughout a product. It is ideal for a variety of medical device applications including, the sterilization of single-use medical supplies such as syringes, implants, catheters, surgical gloves and gauze. It is also ideal for the elimination of organisms from pharmaceuticals such as ointments and solutions and sterilization of tissue/biological based products (Ražem, 2008) .
The purpose of this study is to determine the bacterial colonization of worn CCLs, examining the adhesion capacity among the isolated organisms and the potentiality of ZnONPs on their biofilm production was evaluated. Also, we compared the influence of protein deposition (lysozyme and bovine serum albumin) as individual major tear proteins on bacterial adhesion on CCLs in presence and absence of ZnONPs supported by field emission electron microscopy examination. Finally, the microbial load of the packaging solution of CCLs was estimated to determine the effective decontamination gamma-radiation dose.
Materials and Methods

Samples collection, isolation and identification of cultures
A total of 100 of worn cosmetic contact lenses (CCLs) were collected from microbial keratitis cases from different clinics and hospitals in Grand Cairo, Egypt.
The contact lenses were aseptically immersed into Brain Heart Infusion (BHI) (SigmaAldrich) broth tubes and vortexed for 1 minute. Subsequently, the lenses were removed and the tubes were incubated at 37°C for 24h. After incubation, a loop full of broth was inoculated on the nutrient agar (Sigma-Aldrich) plates which incubated at 37°C for 24h (Abidi et al., 2013) . The cultures were identified by using conventional and rapid biochemical tests (API 20E and API STAPH systems) .
Antibiogram assay of the tested strains
All the isolates were tested for their susceptibilities to antibiotics by the disc diffusion agar method (Bauer et al., 1966) in accordance with Clinical and Laboratory Standard Institute's recommendations (CLSI, 2007) . The following conventional antibiotic discs (μg) (Oxoid) were used; amoxicillin (AML 30), cephalexin (CL 30), gentamicin (CN10), sulphamethoxazoletrimethoprim (SXT 25) and ceftrixone (CRO 30). Petri plates were prepared with 15ml of sterile Mueller Hinton Agar. The tested cultures were swabbed on the top of the solidified medium and allowed to dry for 10min. Then antibiotic discs were placed on the surface of the medium. The plates were incubated for 24h at 37°C. Zones of inhibition were recorded in millimeters and interpreted referring to standard chart (Oxoid). Experiments were performed in triplicate and the values were then averaged.
Detection of biofilm formation by tissue culture plate method (TCP)
The TCP assay is the most widely used and was considered a standard test for detection of biofilm formation. All isolates were screened for their ability to form biofilm as described by Christensen et al. (1985) . Tested strains from fresh agar plates were inoculated in trypticase soy broth with 1% glucose and incubated for 24h at 37 o C in stationary condition and diluted with fresh medium. Individual wells of sterile, polystyrene, flat-bottom tissue culture plates were filled with 0.2ml aliquots of the diluted cultures containing about (2x10 5 CFU) and only broth served as control to check sterility and non-specific binding of media. Following 48h of incubation at 37°C, the contents of tissue culture plates were gently aspirated with a micropipette. The plates were then washed with sterile buffer, adherent organisms were fixed by incubating them for 1h at 60°C and then staining them with crystal violet (1%) for 5min. After washing using water to remove the excess stain, the plates were dried for 30min at 37°C. Optical densities (ODs) of stained adherent biofilms were obtained with Microplate Reader-Suno Stick SPR-960B at 595nm. Experiments for each strain were performed in triplicate.
Anti-adhesive activity of ZnONPs
ZnO nanoparticles (<50nm diameter, catalog number 677450-5G) were purchased from Sigma-Aldrich and were characterized using UV spectrophotometer JASCO V-560, Japan. Different concentrations of ZnO-NPs were well dispersed in distilled water ranging from 0.1 to 5.0mM and 100µl was added to each well of 96 well microtiter plate containing 100µl of bacterial suspensions of the strongest biofilm producer tested strains (1.5×10 8 CFU/ml) and then the test was accomplished as previously mentioned. Assays were performed in triplicate.
Protein coating on contact lenses
New unworn CCLs were removed from their packaging and thoroughly rinsed in sterile phosphate buffered saline (PBS), pH 7.4, for 1h. to ensure that no packaging solution remained on the lens surface. Lysozyme (EGG with activity >20,000U/ml Bioshop® Canada Inc, Burlington) and bovine serum albumin (Loba, India) solutions were prepared at a concentration of 1.9 and 0.5mg/ ml, respectively. The lenses were incubated for 5 days, and then they, were removed from the vials and washed in a plate shaker with PBS to remove loosely bound protein (Subbaraman et al., 2011) .
Anti-adherence effect of ZnONPs on protein coated CCLs
Un-coated CCLs used as control and two sets of protein-coated lenses were placed in a 24-well plate containing 1ml of 24h (1.5×10 8 CFU/ml) bacterial suspension of the most susceptible tested strains to ZnONPs treatment (P.aeruginosa10 and Enterobacter cloacae 13). One ml of ZnONPs, at the most potent concentration (2.5mM) was added to one set of the protein coated lenses while the other remained without treatment. The plates were incubated at 37°C for 24h, and then, lenses were washed three times in 1ml of sterile phosphate buffered saline (PBS) for 30sec each time, transferred to a sterile 5ml plastic container and vortexed vigorously for 1min in 2ml of sterile PBS, using sterile magnetic stirring bars. For quantitation of viable bacteria per a contact lens, the homogenate was serially diluted in PBS 1:10 by taking 100µl and adding it to 900µl of neutralizing broth in a microcentrifuge tube. Fifty microliters of the serially diluted samples were plated in triplicate on nutrient agar plates and incubated for 18h at 37°C.The number of colonies per dilution were recorded and used to calculate the number of CFU per a contact lens. Each assay was repeated in triplicate, and then the average values were computed to enumerate the viable counts of bacteria adhered to contact lenses.
Cell-surface hydrophobicity
Cell-surface hydrophobicity has been implicated to enhance the ability of microbes to form biofilms and to influence cell clumping. This was investigated using microbial adhesion to hydrocarbons assay (Perez et al., 1998 ). Overnight cultures of tested strains (control and treated with different concentrations from ZnONPs) grown in LB broth, were pelleted by centrifugation at 10,000rpm for 5min and subsequently washed twice using PBS. Cells were adjusted to an optical density of 0.5 at OD600 and 2ml mixed with 400μl xylene and vortexed for 2min. After 30min incubation at room temperature, the aqueous phase was collected carefully and its OD600 was determined. The OD600 of the aqueous phase relative to the initial suspension was taken as a measure of cell-surface hydrophobicity (H %), which was calculated with the formula:
where OD0 and OD are the optical density of control and after treatment with ZnONPs.
Field emission electron microscopy (FEM)
Two sets of lysozyme coated lenses (prepared as previously mentioned), one set of them was treated with 2.5mM of ZnONPs and the other without treatment. While Uncoated CCLs used as control, then lenses were incubated with 1ml of 18h. (1.5×10 8 CFU/ml) of the tested bacterial suspension. Samples were processed for field emission electron microscopy, and fixed in 2.5% glutaraldehyde at room temperature for 30min. then, fixative solution was removed and the samples were rinsed three times with sodium cacodylate 0.1M buffer and dehydrated using a series of alcohols (30-100%). Finally, they were sputter-coated with gold under vaccum and were examined in the FE-SEM 5800 Agilent.
Microbiological quality of packaging solution of CCLs
Twenty CCLs packaging solutions were used, from each sample; 1ml was serially diluted with sterile physiological saline. Then, appropriate dilutions were used in enumeration of bacterial counts on tryptone-glucose yeast extract (TGY) plates containing 100 µg/ml mycostatin (antifungal) and incubated at 32±1 o C for 24-48h. While the fungal counts were determined on sabouraud dextrose plates containing 100µg/ml oxy-tetracycline hydrochloride(antibacterial) and incubated at 28±1 o C for 3-5 days. The experiment was repeated in triplicate and the average number was recorded (Shah & Pokhrel, 2012) .
Irradiation process
The irradiation process was achieved using Cobalt 60 ( 60 Co) Gamma Cell GC 220, product of Canada Co. Ltd. located at the National Center for Radiation Research and Technology (NCRRT) Cairo, Egypt. The irradiation process was achieved at ambient temperature. The dose rate of this source was 1.538 (kGy/h) at the time of the experiment.
Determination of γ -irradiation decontamination dose of the packaging solutions
To determine the decontamination dose level, appropriate aliquots of contaminated solutions were exposed in Epindorff tubes to γ -radiation at different doses (1, 2, 3, 4, 5 and 6kGy). The irradiated and non-irradiated samples were analyzed for microbial load as previously mentioned.
Statistical analysis
The results were shown as mean values. The data were evaluated by analysis of variance (ANOVA). According to the results of the ANOVA test Duncan's multiple range test was used to determine the significance at P<0.05 levels (Steel & Torrie 1980) .
Results and Discussion
Samples collection, cultivation and identification of bacterial isolates
A total of 100 worn CCLs were subjected to microbiological analysis. Out of these samples; 84 lenses (84%) were positive for bacterial infection while all samples were negative for fungal infection. From 84 positive cases; eighteen isolates were obtained and identified on the basis of their morphology and Gram reaction. Eleven isolates were Gram +ve cocci, while seven isolates were Gram -ve rods. All isolates were identified by API system and revealed the isolation of nine species belonging to five genera represented in Fig. 1 . Among the isolated pathogens, Staphylococci are the most common isolates followed by P. aeruginosa. Al-Mujaini et al. (2009) reported that P. aeruginosa, Haemophilus and Moraxella cause infectious keratitis in extended wear CCL users. In a study performed by Benhmidoune et al. (2013) , they found that the isolated pathogens were Staphylococcus aureus, P. aeruginosa and Acanthamoeba. Dyavaiah et al. (2015) concluded that infectious keratitis with CL wear is caused mostly by Gram negative bacteria as P. aeruginosa, Gram positive bacteria as S. aureus or fungi as Fusarium solani. 
Antibiogram assay of the isolated strains
Antibiotic resistance among the ocular pathogens has become a major medical and public health problem. So, all isolates were tested for its antibiotic sensitivity using Kirby Bauer disk diffusion method. This test was carried out towards (SXT, CL, CRO, CN and AML), which are commonly used in the treatment of MK as reported by Sueke et al. (2010) and Willcox (2012) . The results presented in Fig. 2 revealed that most of pathogens showed a high percentage of resistance towards all the tested antibiotics.
Biofilm formation ability of the tested strains
Microbial infections in the biomedical implants pose a serious threat in modern medicine. Biofilms are high density population of bacteria that are embedded in an extracellular polysaccharide matrix. Its production is an important pathogenic factor which facilitates adherence of microorganisms to medical devices and protects them from the host immune system and antimicrobial therapy (Iannitelli et al., 2011) . Mathur et al. (2006) reported that the TCP method is considered as an accurate method for screening and determination of biofilm production. Therefore, in the current study, all strains were subjected to quantitative assessment of biofilm formation by spectrophotometric method. Table  1 Jhanji et al. (2007) reported that there was an increase in antibiotic resistant bacteria contaminated CLs including P. aeruginosa where biofilm formation of P. aeruginosa is a mechanism of antibiotic resistance, because biofilm cells are much more resistant to antibiotics than planktonic cells. The ability of P. aeruginosa ATCC 10145 and a clinical strain (obtained from active ulcerative keratitis) to produce biofilms on CLs was tested by Sewell et al. (2014) , they reported that the tested clinical strain was four times stronger to produce a biofilm than the standard one.
Characterization of ZnNPS by UV-vis spectroscopy
ZnO nanoparticles were tested using UVVis spectral analysis. Fig. 3 illustrates that the absorption peaks for ZnO nanoparticles were intensively absorbed in the ultraviolet band in the range of 300-500nm wavelength range in UV-Vis spectra that are assigned to ZnO nanoparticles. The spectrum showed the absorbance peak at 365nm corresponding to the characteristic band of ZnO nanoparticles. 
Anti-adhesive activity of ZnONPs
The upcoming approach towards control of biofilm formation involves nano materials that have been designed to prevent bacterial infection on CCLs and subsequently biofilm formation including incorporation of silver nanoparticles and selenium as reported by Mathews et al. (2006) and Willcox et al. (2010) . 
. UV-vis of ZnONPs
In the present study, the potent biofilm producer strains were tested towards different concentrations of ZnONPs. Figure 4 demonstrates that by increasing concentration of ZnONPs, the ability of all strains to produce biofilm was decreased. Also, it was found that 2.5mM was the most potent concentration causing a significant inhibition for biofilm formation. Several studies documented that P. aeruginosa is the most causative organism for M.K.; fortunately, P. aeruginosa 10 was aggressively affected by ZnONPs changing from strong (O.D= 1.17) to weak producer (O.D= 0.271). The same result was observed for Ent. cloaceae 13 which changed from strong (O.D= 1.001) to weak producer with O.D= 0.122. Similar results were obtained by Lee et al. (2014) and Sangani et al. (2015) , where they reported that ZnONPs can inhibit the establishment of P. aeruginosa biofilms and virulence factor production. In another study conducted by Ansari et al. (2014) , they confirmed the high efficacy of AgNPs on biofilm eradication and reduction the applied surface coverage by E. coli and Klebsiella spp. thus prevent the biofilm formations. Dhillon et al. (2014) explained the potential inhibitory effect of ZnONPs on tested bacterial biofilm through inhibition of exopolysaccharides section.
Effect of protein coating on bacterial adhesion
Bacteria have the ability to adhere differently to various worn and unworn contact lenses. It was suggested that the increase in adhesion for certain strains to worn lenses may be due to the tear components containing proteins that are most likely bound to the contact lenses were favourable to bacterial adhesion (Willcox et al., 2001 ).
This experiment was performed to determine the adhesion of P. aeruginosa 10 and Ent. cloacae 13 onto CCLs with and without (lysozyme & albumin) . Generally, the data revealed that coating CCLs with lysozyme increased significantly (P<0.05) binding (total viable count) of the tested strains when compared to un-coated lenses. While there were no significant differences (P>0.05) in the total viable counts of the tested strains bound to albumin coated and un-coated lenses. These results are in accordance with a pervious study conducted by Thakur et al. (1999) , where they reported that lysozyme deposits on contact lenses increased the adhesion of several strains of Staphylococcus to etafilcon A lenses. On the other hand, Taylor et al. (1989) established that S. epidermidis and P. aeruginosa adhered significantly higher with increasing concentration of albumin on contact lenses. Another study performed by Omali et al. (2013) , indicated that lysozyme/lactoferrin combination increased the adhesion of only a single strain of S. aureus 031, while lipocalin did not affect the adhesion of any of the tested strains.
Anti-adherence effect of ZnONPs on protein coated CCLs
Contact lenses develop protein and lipid deposits from tears during wearing that enhance bacterial adhesion (Omali et al., 2013) . This experiment was done to determine the impact of ZnONPs on adherence of the selected strains on lysozyme and bovine albumin serum coated CCLs. Results in Fig. 5 appeared that the adhesion of P. aerugionsa 10 and Ent. cloacae 13 on lysozyme coated CCLs increased by one log cycle, comparing to uncoated lens. The results also proved that treatment of CCLs with ZnONPs reduced the adhesion by two and one log cycles for the tested strains, respectively. On the other hand, slightly increase in the adhesion of both of the tested strains was noticed on bovine serum albumin coated lenses. By treatment with ZnONPs, the adhesion decreased by two and one log cycles for P. aerugionsa 10 and Ent. cloacae 13, respectively. The results of the present study agreed with that obtained by Willcox et al. (2010) who found that silver nanoparticles containing lenses reduced the bacterial viability and adhesion for the tested strains, 20ppm nano silver showing >5 log reduction in solution or on the lens surface.
In addition, the (CSH) of the tested strain cells in the presence of different concentrations of ZnO nanoparticles has been measured because hydrophobicity plays a positive role in biofilm formation. In the current study, the results in Table 2 demonstrated that ZnONPs treatment dose-dependently reduced the CSH. Where the reduction ranged from (92.9 to 18.5%), from (93.0 to 32.8%) with P. aeruginosa 10 and Ent. Cloacae 13, respectively. The tested strains displayed a highly significant decrease in CSH (P<0.05) by the treatment using 0.05, 0.25, 0.5, 1.25 and 2.5mM of ZnONPs in comparison with the control. Lee et al. (2014) reported that cell surface hydrophobicity plays a critical role in the attachment to the surfaces. The influence of CSH on adhesion of microorganisms to biotic and abiotic surfaces in medicine has both negative and positive aspects. Hydrophobic microorganisms cause the damage of surfaces by biofilm formation; one of the solutions of this problem is using implants from anti-biofilm materials that can delay or completely avoid the adhesion of microorganisms. Menno et al. (2011) suggested another approach of preventing surfaces from bacterial colonization which was a modification of surfaces by coating them with noble metals, i.e., silver nanoparticles. The silver nanoparticles can be either deposited directly on the surface of medical devices, or applied in a polymeric surface coating.
Field emission electron microscopy
To study the colonization of the tested organisms on the surface of CCLs as a result of lysozyme deposition as well as the action mechanism of ZnO nanoparticles' ability to colonize and their morphology should be identified. SEM micrograph showed a colonization of rod cells of P. aeruginosa 10 covering contact lenses surface (Fig. 6A) , while Figure 7B elucidated the ability of lysozyme to increase the number of adherent cells. Meanwhile ZnONPs dramatically restricted the bacterial colonization as can be obviously discriminated in Fig. 7C comparing uncoated lense (Fig. 7A) . Egypt. J. Rad. Sci. Applic. 31, No.2 (2018) EMAN ARABY et al. Pati et al. (2014) showed that ZnO NPs can reduce cell surface hydrophobicity and down regulate the transcription of oxidative stressresistance genes in bacteria. Also, Elavarasan et al. (2016) reported that the reasons for bioactivity of ZnONPs against bacteria are due to their binding to the bacterial membrane through electrostatic forces. ZnONPs are directly involved in killing bacteria, or destruction of cell membrane which caused by penetration of the ZnONPs or the generation of highly reactive species. It is clear that the nanoparticles anchor the cell at several sites and cause damage at various locations in the membrane, which could result in cell lysing. If the mechanism of ZnONPs disrupts the outer membrane components such as poirn and lipopolysaccharide and considering that Gram-positive bacteria do not have an outer layer, thus, it could be concluded that the rate of cell destruction should be less severe compared to that of gram-negative bacteria (El-Batal et al., 2018) .
The Microbial load of the packaging solution
FDA (2001) stated that for eye area and baby products; microbial counts should not be more than 500CFU/g or ml. In this investigation out of 20CCL solutions, fifteen samples (75%) were contaminated with bacterial growth in the range from 5.0x10 1 to 2.0x10 8 CFU/ml and no fungal growth was detected after incubation Table 3 exhibit that most of the tested solutions were highly contaminated with bacteria exceeding the permissible limits. Therefore, these samples were exposed to increasing doses of gamma radiation. According to the results recorded in Table 3 , the decontamination dose was determined to be 6.0kGy. Abo-State et al. (2012) reported that out of ten samples from solution lenses, eight were bacterial contaminated in the range from 2CFU/ ml to 1.5x10 2 CFU/ml.
Ionizing radiation such as gamma rays has long been recognized as a method for destroying spoilage and pathogenic microorganisms. It is well known that exposure of bacterial cells to ionizing radiation presents an additional stress to the cells which tends to disturb their organization, nucleic acids, especially DNA which is the primary target for cell damage from ionizing radiation. Gamma radiation induced three types of damage in DNA, single strand breaks, double strand breaks; nucleotide damage and disrupters of protein-DNA complex (Eon et al., 2001 and McLean et al., 2004) .
Conclusions and Recommendation
The present results indicated that nano-sized ZnO particles have an important inhibiting capacity of bacterial adhesion. Coating CCLs with applied proteins increased adhesion of the tested strains when compared to un-coated lenses. Also, it was found that ZnONPs reduced bacterial viability of the tested strains on protein coated CCLs. In addition, this study stated that CSH was positively correlated to biofilm formation. Finally; ionizing radiation effectively eliminated the populations of the highly contaminated samples of packaging solutions.
Due to the high emerged multidrug resistant microorganisms, appropriate concentration of ZnONPs was recommended to be added to the packaging solutions of CCLs which are presterilized by gamma-radiation. 
Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publication of this article.
